I. INTRODUCTION
The Rod Ejection Accident (REA) belongs to the Reactivity-Initiated Accidents (RIA) category of accidents, and it is part of the licensing basis accident analyses required for pressurized water reactors (PWR). The REA consist of a rod ejection due to the failure of its driving mechanism. The evolution is driven by a continuous reactivity insertion.
We have analyzed the behavior of the Almaraz NPP core in a REA with the coupled neutronic-thermal-hydraulic code RELAP5/PARCSv2.7 [1] [2] using the cross-section set and other kinetic parameters obtained with the application of the SIMTAB methodology [3] , developed at UPV. We have studied this transient in different operating conditions and at the beginning and at the end of cycle.
The present work consists of the study of the influence of different definitions of the thermal-hydraulic model in a REA analysis at Almaraz NPP. In previous papers, the authors have studied this transient using a simplified configuration [4] [5] . A series of calculations with different number of thermal-hydraulic channels to represent the core has been made ending in a configuration one to one (one thermalhydraulic channel connected to one radial neutronic node). These channels have been coupled to the neutronic model, developed in a one-to-one basis, that is, each fuel assembly is represented by a radial node in PARCSv2.7 code. The mapping between the thermalhydraulic and the neutronic model has been performed in different ways to study its influence in the 3D results.
II. DESCRIPTION OF THE MODEL
We have studied the results of the REA analysis at Almaraz NPP operating at Hot Zero Power conditions at the beginning of the cycle and with two different configurations of the control rod positions, rod insertion limit (RIL) and all rods inserted (ARI), using different thermal-hydraulic models.
The reactor core studied contains 157 fuel elements. Each fuel element has 264 fuel rods, 24 guide tubes and 1 tube for the instrumentation. The neutronic nodal discretization consists of 157 x 24 active nodes, considering 13 different types of fuel elements (including one to represent the reflector) with 291 neutronic compositions.
The cross-sections tables are generated with the SIMTAB methodology from CASMO4-SIMULATE3 code. A sensitivity analysis, using more compositions and comparing the results with CASMO4-SIMULATE3 code, demonstrates that the considered number of neutronic compositions is adequate.
The neutronic model uses two prompt neutron groups and six delayed neutron groups, while the boundary condition for the neutron diffusion equation is zero-flux at the outer reflector surface.
Radially, the core is divided in 21.504 cm x 21.504 cm cells, each corresponding to one fuel assembly, plus a radial reflector. There are 157 fuel assemblies and 64 reflector assemblies.
Axially, the core is divided into 26 layers (24 fuel layers plus top and bottom reflector) with 15.24 cm height each one, with a total active core height of 365.76 cm.
Using SIMULATE3, the control rod with the maximum worth, for each case, was determined. The results are presented in the Table I.   TABLE I Control rods are grouped in 6 banks. In the ARI case, initially all the banks are inserted (zero notches of withdrawn), while in the RIL case initially bank 3 is withdrawn at the position 103, bank 4 is totally inserted and the other ones are out of the core (225 notches of withdrawn). One notch is equal to 1.5905 cm. Fig. 1 shows the control rod banks and the ejected rod for each case (highlighted in red for ARI case and highlighted in green for RIL case).
FIGURE 1
Initially, the reactor core has been modeled with 10 thermalhydraulic channels connected with branches (BRANCH) and the by-pass has been modeled as an independent channel (see Fig. 2 and Fig. 3 ). The thermalhydraulic channels surrounding the ejected control rod have been modeled as independent channels, while the others have been grouped in a unique channel). A time dependent volume (TMDPVOL) and a time dependent junction (TMDPJUN) simulate the boundary conditions at the entrance and exit of the reactor core as is shown in Fig. 4 . Each thermalhydraulic channel representing the core is connected to a heat structure. Apart from this model, we have analyzed different thermal-hydraulic models in the both cases. In this paper, we present the results from 5 different thermal-hydraulic models for the ARI case. These thermal-hydraulic models have been obtained using the initial model as a reference, increasing the number of the channels surrounding the ejected rod. The total number of thermal-hydraulic channels of each of these models is 26, 12, 13, 14 and 158 respectively. The five models studied are shown in Figs. 5 to 9. In the RIL case, we present the results from the initial model besides the model number 6 (Fig. 9 ). In the RIL case, we have studied only these two models because, as it will be seen in the following sections in the ARI analysis, the maximum and the minimum power during the transient are reached with the initial model and with the 5 different models respectively.
The inlet mass flow through the core is 13301kg/s and it is distributed uniformly among the channels.
The initial steady state is at hot zero power where the moderator density is 742 kg/cm3 and the fuel temperature is 565.583 K. The transient is started by the ejection of the maximum worth rod that is completely extracted in 0.1s.
III. STEADY STATE RESULTS

III.A. Steady State Results with all the Control Rods Inserted
Initial steady state has been simulated with the RELAP5/PARCSv2.7 coupled code. As we have explained before, the parameters used to compare the results with the ones from SIMULATE3 are keff and axial power profile.
In order to perform the simulation of the model number 6 (with 158 thermal-hydraulic channels) the RELAP5 source code has had to be modified for accepting such a high number of thermal-hydraulic channels.
Figs. 10 to 15 show the power axial profile for the six cases analyzed in the ARI case: initial model and model number 6, the power radial profiles and the radial profile error.
In order to compare the accuracy of the results from RELAP5/PARCSv2.7 with SIMULATE3 between all the cases, we also compare the Root mean square (RMS) of the power axial profile absolute errors. The comparison of the keff and RMS in the ARI case are summarized in Table II.   TABLE II Comparing the results, we can observe that the best results in the ARI case are achieved using the model number 6.
III.B. Steady State Results with Control Rods at RIL
The comparison of the keff and RMS in the RIL case is summarized in Table III.   TABLE III Figs. 16 to 18 show the power axial profile, radial profile and radial profile errors for the initial model analyzed in the RIL case. 
IV. TRANSIENT RESULTS
In both cases, ARI and RIL, zero-power state was considered as initial state. The control rod with the maximum worth is ejected in 0.1s. The evolution consists of a continuous reactivity insertion. The Doppler Effect caused by the increase of fuel temperature finishes the transient, but this occurs before it reaches the fuel temperature setpoint that can be dangerous for the nuclear power plant safety, as it expected.
The Doppler temperature (Tf) calculated by PARCSv2.7 code is found from the fuel temperature at the fuel rod center Tfc and at the fuel rod surface Tfs by the relation:
where α is taken equal to 0.7.
IV.A. Transient Results with all the Control Rods Inserted
In the six cases, the initial conditions are at hot zero power. The maximum worth control rod is ejected at 0.1s. The evolution consists of a continuous reactivity insertion.
The Doppler Effect caused by the increase of fuel temperature finishes the transient. 
FIGURE 19
It can be seen that in all cases a first power peak occurs, followed by a power decrease, until it reaches a plateau value around 750 and 1000 MW. The main difference is the value reached in the power peak. The maximum power peak corresponds to the initial model, while the minimum power peak occurs using the model number 6. To study if the differences in the results could be due to cross flows between channels, we have modified model 2 and model 4 for ARI and RIL, including the cross flow among channels at all axial nodes. Similar results are obtained as for models without the cross flows, concluding that the different results for power and enthalpy evolution is only due to the mapping between the thermalhydraulic and neutronic channels. Fig. 20 we note that the relative radial powers decrease outside of the hot region and increase in the hot region (channels around the ejected rod). This power deformation is slightly higher for the model 6. These changes in the heat transfer among the channels involve an increase in the moderator temperatures and a decrease in the moderator densities in the channels near the hot one, while the opposite effect occurs in the peripheral channels. Clearly, this decreases the power and maximum enthalpy during the transient. This phenomenon is the cause of the different maximum powers obtained in the simplified and complete models. If we model more accurately the channels outside of the hot region, the negative Doppler reactivity is higher, limiting in this way the power peak. the thermal-hydraulic of the fuel assemblies, the channels far from the rod ejection channel do not see the reactivity increase, so the power peak and the enthalpy of these channels is quite constant, then the global behavior of the maximum power peak and enthalpy is slower than the initial case. Only one remark, the difference between the maximum power peak and enthalpy for the initial case and the model 6 is very large. This manifest that is very important to simulate all the channels very accurately.
FIGURE 22
The power peak and the maximum enthalpy reached in each case appear in Table IV.   TABLE IV   Table V 
FIGURE 23
It can be seen that in RIL cases the power increase until it reaches a plateau value. As in the ARI case, the maximum power reached with the model 6 is lower than the obtained with the initial model. Fig. 24 and Fig. 25 show the relative radial power profile at the maximum power for the initial model and the complete model 6. We can see that the power deformation is higher in the part of the reactor close to the ejected rod. If we compare the Fig. 24 and Fig. 25 we note that the simplified model provides more asymmetric relative radial powers than the complete model 6. Also if we see the Fig. 17 and Fig. 24 we note that the relative radial powers decrease outside of the hot region and increase in the hot region (channels around the ejected rod), but lower than in ARI cases. 
FIGURE 26
The power peak and the maximum enthalpy reached in each case appear in Table VI . 
V. CONCLUSIONS
In this paper, we have reported the REA 3D dynamic analysis in Almaraz NPP with RELAP5/PARCS v2.7 using the SIMTAB Cross-Sections tables. For that analysis, two different operating conditions at HZP have been studied: first with all control rods inserted and second with control rods at the insertion limit.
The initial steady state is a HZP where the moderator density is 742 kg/cm3 and the fuel temperature is 565.6 K. The transient is started by the ejection of the maximum worth rod that is completely extracted in 0.1 s. The control rod with the maximum worth is different in each of the cases studied.
The evolution of the transient consists of a continuous reactivity insertion. The Doppler
Effect caused by the increase of fuel temperature finishes the transient, but this occurs before it reaches the fuel temperature setpoint that can be dangerous for the nuclear power plant safety, as it expected.
The influence of the thermalhydraulic to neutronic mapping in a REA analysis has been studied. The steady state results show a very high accuracy compared with SIMULATE3 in all the studied mappings.
According to the results of the transient simulations, for these cases we can conclude that increasing the number of the thermalhydraulic channels surrounding the control rod that will be ejected, a lower power peak is reached during the transient. The enthalpy evolution during the transient also depends strongly on the number of the thermalhydraulic channels.
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